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Abstract 
Magnetoresistance (MR) and magnetization (d.c and a.c) measurements have been carried 
out on the manganites, (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x≤0.15), in the temperature range of 
5K-320K. At 5K, an unusually large MR of almost 98% is observed in the x=0.15 sample, 
nearly up to fields of 4-5 Tesla. This large high-field MR occurs in the metallic region, far 
below the insulator-metal transition temperature, and does not vary linearly with applied field. 
The unusual magnetoresistance is explained the light of various possibilities of phase 
segregation and cluster spin-glass behavior. 
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The ABO3 type perovskite manganites are being extensively studied due to the possible 
technological applications of the large magnetoresistance (MR) exhibited by them. A large MR 
in divalent cation (Ca2+, Sr2+, Ba2+, etc.) doped RMnO3 (R=La, Pr, Nd, etc.) manganites occurs 
in the vicinity of the insulator-metal (I-M) transition temperature (Tp) [1-2]. This 
magnetoresistance arises from i) intrinsic suppression of magnetic disorder of the Mn-O-Mn 
couplings and ii) extrinsic effect of the reduction in spin dependent scattering at the grain 
boundaries [1-4]. The increasing spin polarization below Tp increases the intrinsic magnetic 
order and conductivity. This causes the MR to fall to very low values as the temperature is 
lowered below Tp. The MR value at low temperatures, far below Tp, is almost negligible in 
single crystals as compared to that in polycrystalline materials suggesting that polycrystalline 
grain boundaries have a vital role to play in low temperature MR [3]. Hwang et al. [4] proposed 
that, at low temperatures, a nearly complete spin polarized state causes tunneling through grain 
boundaries and contributes largely to magnetoresistance in low fields. They also showed that 
there exists a negligible amount of high field MR, varying linearly with field, which is due to 
spin fluctuations arising as a result of Zener double exchange (ZDE) mechanism.  
In this paper, we report magnetoresistance measurements on a new series of manganites, 
namely, (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x0.15) (to be referred to as LECSMO). This series 
provides us an opportunity to study the effect of simultaneous increase in size disorder and 
carrier density by keeping the tolerance factor nearly constant. This is a new and original choice 
since previously the effect of one factor (keeping others constant) has been studied. 
Interestingly, in LECSMO series, the tolerance factor ‘t’ is the same as that in the standard [5] 
La1-xCaxMnO3 (x= 0.35, 0.4, 0.45) (LCMO) series, but the other two factors, namely, size-
disorder and carrier density, increase with increasing x (t increases marginally from 0.924 for 
x=0.05 to 0.929 for x=0.15 for LECSMO and from 0.924 for x=0.35 to 0.928 for x=0.45 for 
LCMO). In LCMO, only the carrier density increases while the size-disorder is negligible in the 
given range of compositions. We find that in LECSMO samples, in the metallic region and at 
low temperatures, the high field MR rises significantly, and anomalously reaches nearly a 
saturated value of 98% in x=0.15 sample. Such a large low temperature MR is an important 
finding because this is observed in low temperature metallic region where the spin polarization 
is almost complete. 
The (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x0.15) samples were synthesized using the solid-
state ceramic preparation route by several grindings and sintering in the temperature range of 
1100°C to 1350°C. Powder X-ray diffraction (XRD) measurements were carried out on a 
Siemens diffractometer using Cu-Kα radiation. DC magnetization measurements were carried 
out in an applied field of 50 Oe using a SQUID magnetometer (MPMS, Quantum Design). AC 
susceptibility measurements were performed at different frequencies in an ac field of 5 Oe 
(PPMS, Quantum Design). Electrical resistivity and magnetoresistance measurements were 
performed using the four-probe dc technique (PPMS, Quantum Design). 
Indexing and Rietveld refinement of XRD patterns of all the (La0.7-2xEux)(Ca0.3Srx)MnO3 
(0.05≤x0.15) samples revealed that these are single-phase compounds crystallizing in a 
distorted orthorhombic structure (space group – Pnma, No. 62). No lines from impurity phases 
could be detected within the limits of x-ray detection, which is typically 5%. 
 
Fig. 1: A typical Rietveld fitted XRD pattern for (La0.7-2xEux)(Ca0.3Srx)MnO3 (x=0.15) sample. 
Table 1: Lattice parameters (a,b&c) , size-disorder (σ2), insulator-metal transition (Tp) and 
Curie temperature (TC) of (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05 ≤ x ≤ 0.15) samples. 
x a (Å) b (Å) c (Å) σ2(Å2) TP(K) TC(K) 
0.05 5.547(1) 7.708(1) 5.465(3) 0.0012 175 195 
0.10 5.456(4) 7.702(3) 5.458(2) 0.0021 158 175 
0.15 5.442(4) 7.681(2) 5.447(1) 0.0030 78 130 
 
 Figure 1 displays a typical Rietveld fitted XRD pattern for x=0.15 sample. The lattice 
parameters, obtained from the above-mentioned refinement, are given in Table 1 from which it 
is seen that the cell volume decreases with increasing Eu content, x. In this series of 
compounds, with increasing substitution of Eu3+ (atomic radius1.12Å) and Sr2+ (1.31Å), the 
average A-site cation radius, <rA>, remains nearly constant throughout the series, while the 
size-disorder and the carrier density increase. Therefore, the decrease in cell volume may be 
attributed to increasing Mn4+ concentration (due to increasing Sr2+ concentration) and the lattice 
distortion caused by increasing size disorder (size disorder is given by σ2 = Σxiri2 - <rA>2) [6].  
 
Fig. 2: Resistivity (ρ) vs. temperature (T) plots in 0T and 5T fields and MR% vs. temperature 
(T) in 5T plot for (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x0.15) samples. 
Figure 2 shows the electrical resistivity (ρ) versus temperature (T) plots for 
(La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x0.15) samples in zero applied magnetic field as well as in a 
field of 5T. This figure also shows magnetoresistance (magnetoresistance is defined as 
MR%=(ρ0-ρH)/ρ0)×100)  as a function of temperature in a field of 5T. The I-M transition 
temperature, Tp, falls from 175K for x=0.05 sample to 79K for x=0.15 sample. The fall in Tp 
may be attributed to the increased Coloumbic interactions (due to increased carrier density) and 
to the increased size disorder at the A-site. It may be seen that the MR is maximum in the 
vicinity of Tp for x=0.05 and x=0.10 samples, whereas it is almost saturated from Tp down to 
5K for x=0.15 sample. The MR of nearly 98% at 5K for x=0.15 sample is unusual and hence 
interesting. At low temperatures, the high field MR observed in the present samples is even 
larger than the earlier reported low temperature MR of ~ 60-70% in other polycrystalline 
manganite systems (7-9). 
 
Fig. 3: MR% vs. applied magnetic field (H) plots for (La0.4Eu0.15)(Ca0.3Sr0.15)MnO3 sample. 
To explore the MR behavior of x=0.15 sample in detail, we have studied the variation of 
MR with applied magnetic field in this sample and the results are shown in Fig. 3. As expected, 
the MR is largest in the vicinity of Tp for all the samples (data not shown for x=0.05 and 0.10 
samples for the sake of brevity). The MR isotherms at temperature lower than Tp also display 
large MR and these isotherms behave differently than those in the vicinity of the peak in 
resistivity. Here it may be mentioned that, at low temperatures, a low field MR occurs due to 
inter-grain spin polarized tunneling of the carriers, whereas the high field MR has its origin in 
ZDE and reduction in grain boundary scattering.  
We have plotted the MR isotherms for all the (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x0.15) 
samples at 5K, separately, in Fig. 4. The MR behavior in these compounds may be divided into 
two parts. The MR of nearly 20% below a field of ~0.5T may be termed as the low field MR 
while the MR from 20% to 98% in fields of 0.5T to 9T may be called the high field MR. The 
low field MR is identified as the linear part of the isotherms in low fields (< 1Tesla) and is due 
to spin polarized tunneling while the rest of the contribution in MR isotherms is due to high 
field [4]. It is clear that, in the presently studied samples, the high field MR is appreciably 
larger than the low field MR. In particular, for x=0.15 sample, the high field MR is almost five 
times larger than the low field MR. Also, the high field MR in this sample shows a large 
deviation from the linear relationship of MR with applied field. 
 
Fig. 4: MR% vs. applied magnetic field (H) plots for (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x0.15) 
samples at 5K. 
 
Fig. 5: Zero-field-cooled (ZFC-hollow symbols) and field-cooled (FC-solid symbols) 
magnetization (M) vs. temperature plots (T) for (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x≤0.15) 
samples. Inset figure shows the fractional change in magnetization vs. normalized temperature 
(T/TC) and inverse susceptibility (χ-1) vs. temperature plots for same samples. 
Figure 5 shows the zero-field cooled (ZFC) and field cooled (FC) magnetization (M) versus 
temperature (T) plots for all the (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x≤0.15) samples. The TC 
(determined from the bifurcation of the MZFC and MFC curves) decreases from 195K for x=0.05 
to 130K for x=0.15 sample. Insets in the figure show the fractional changes in magnetization 
(calculated as {MFC-MZFC}/MZFC) versus T/TC and inverse susceptibility versus temperature 
plots for all the (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x≤0.15) samples. The {MFC-MZFC}/MZFC vs. 
T/TC plot is significant to emphasize the extent of separation of MZFC and MFC curves. With 
decreasing temperature, this separation increases rapidly for x=0.15 sample and points towards 
the cluster-spin glass behavior of this sample. This has been verified by measuring the 
frequency dependence of the a.c. susceptibility. 
 
 
Fig. 6: (a) Real a.c. susceptibility (χ′) and (b) imaginary a.c. susceptibility (χ″) vs. temperature 
(T) at different frequencies for (La0.4Eu0.15)(Ca0.3Sr0.15)MnO3 sample. Inset figure (a) shows the 
magnified part of low temperature real a.c. susceptibility (χ′) for the same sample. 
 Figure 6 [(a) and (b)] shows the real and imaginary parts of a.c. susceptibility (χ′ & χ″, 
respectively, in an ac field of 5 Oe) vs. temperature at frequencies of 333, 1333 and 3333 Hz for 
the x=0.15 sample. There is a weak frequency dependence of χ′ at T<30 K whereas, at T>30 K, 
the χ′ behaves in a similar way at all frequencies. Interestingly, this weak frequency 
dependence of χ′ is accompanied by a large frequency dependence of χ″ below 30 K. It is seen 
that two peaks appear in χ″ vs. T plots. The first peak at about ~130 K corresponds to the 
paramagnetic to ferromagnetic transition (with no frequency dependence). The second peak in 
χ″ has pronounced frequency dependence and shifts from 9 K at 333 Hz to 13 K at 3333 Hz. 
This is indicative of the cluster spin-glass like behavior. This type of cluster spin-glass 
behavior, evidenced from a second peak below TC in χ″, has also been reported for cobaltites 
[10] and manganites [11]. 
The dc magnetization (M) for x=0.15 sample has been measured as a function of magnetic 
field (H) at 5K (plot not shown) in which a saturation in magnetization (>3µB) is obtained in a 
field of 5 Tesla. This experimental saturation magnetization value is close to that calculated 
from the spin only value (3.55µB) of Mn ions, which implies that there is no disorder of Mn 
spins. Therefore, the origin of the large MR cannot be attributed to the intrinsic factor of Zener-
Double Exchange. However, it is seen from Fig. 4 that, for the x=0.15 sample, there is large 
deviation in paramagnetic susceptibility from the Curie-Weiss behavior. This points towards the 
segregation of both ferromagnetic-metallic and paramagnetic-insulating phases from the major 
matrix. Our assumption of phase segregation is also supported by a large disparity between TC 
(~130K) and Tp (~80K) and the cluster spin-glass behavior for x=0.15 sample. Phase 
segregation, as a result of disparity between Tp and TC, has also been reported to exist in similar 
compounds having large size disorder [12,13]. This phase segregation may have a strong 
correlation with the high field MR at low temperatures. 
It has also been reported that connectivity between grains, grain boundary (GB) 
contaminations and pinning of Mn spins at GB play an important role in the conduction of 
carriers [7-9]. The high field MR is due to the opening up of new conduction channels on GBs. 
These conducting channels open linearly with applied field and, therefore, at higher fields the 
MR varies almost linearly with field. In the present case, the unusually large MR observed in 
x=0.15 sample, at 5K, in higher fields may also be explained on the basis of GB contamination, 
pinning of Mn ion spins at GB and by the possible existence of microscopic insulating phases 
embedded between connecting grains. These factors create anisotropic environment of 
insulating and conducting channels around Mn ions and blocks the path for carriers at the 
interfaces of connecting grains. The large size disorder and phase segregation in the present 
samples largely increases the weight of the insulating channels. However, in large applied 
magnetic field, such insulating channels may start conducting and may allow the carriers to 
percolate by opening of new conduction paths. But, the opening up of new conduction paths is 
not linear with the applied field. Also, we have evidenced a weak cluster spin-glass behavior 
(fig. 6) in the temperature range where a large anomalous MR% occurs. This cluster spin-glass 
behavior may be a result of phase-segregation in x=0.15 sample. The frozen cluster magnetic 
moments may align with large applied magnetic fields leading to large high field MR at low 
temperatures.  
In summary, magnetoresistance behavior of (La0.7-2xEux)(Ca0.3Srx)MnO3 (0.05≤x0.15) 
samples has been studied. Due to large size-disorder in these compounds, the TC and Tp fall 
more rapidly than that of standard LCMO [5] compounds. At low temperatures, in the metallic 
region, an unusually large high field MR ~ 98% is observed in x=0.15 sample. Size-disorder 
induced features such as cluster-glass behavior; possible phase segregation and pinning of Mn 
ion spins are the factors responsible for such a low temperature MR. Application of high fields 
result in the opening of conduction paths in a non-linear way for blocked Mn spins at the 
polycrystalline grain boundaries and the alignment of frozen cluster magnetic moments. This 
study opens up a new way to enhance the low temperature magnetoresistance by means of 
inducing large size-disorder in heavily hole-doped manganites.  
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